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Abstract 
The main idea in Product-Service Systems (PSS) research is to provide solutions instead of products or services. Nevertheless, PSS comprise a 
broad variety of characteristics from product-oriented services, to use-oriented services and result-oriented services [1]. In industrial practice all 
of these dimension as well as intermediate stages are evidently realized. Additionally, trending topics like smart services, which can be described 
as the exploitation strategy from Industrie 4.0 [2], also known as cyber-physical systems and Internet of Things, accelerate the interest in PSS. 
However, many companies’ in particular small and medium-sized enterprises just started realizing the potential and necessity to establish service 
thinking in order to stay competitive. These companies face considerable challenges regarding the transformation from an Original Equipment 
Manufacturer (OEM) towards an Original Solution Provider (OSP) [3]. In a first step, companies need to assess their current situation and develop 
a strategy based on the desired target situation. For this reason, the authors developed a model combined with a self-assessment method which 
enables a basic analysis of the companies’ situation including action recommendations. The research results as well as the evaluation with a 
company are presented in this paper. 
 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 9th CIRP IPSS Conference: Circular Perspectives on Product/Service-Sys-
tems. 
Keywords: Product-Service Systems; maturity model; self-assessment 
 
1. Introduction 
Mont described PSS as a trend with a high sustainable po-
tential. Besides effects on sustainability PSS also account for 
innovation, customer integration and competitive capacity. [4] 
Since then, PSS researchers created method and tools to support 
the development of integrated products and services and trans-
ferred them into industrial practice. Nevertheless, without re-
search driven projects many companies tend to focus classical 
product-centered development approaches and add additional 
services [5, 6]. In this perspective, it has to be stated that the 
full potential of PSS can only be utilized by integrated ap-
proaches, thus profound changes for the company have to be 
considered [3]. These changes result in several challenges 
which need to be addressed. Foremost, the company’s culture 
and organizational structure have to be reconsidered in order to 
strengthen the voice of the customer and increase the skills and 
importance of service development [3]. Additionally, several 
specific challenges will occur due to change in in the revenue 
structure and the integrated development, such as pricing, own-
ership, risk, responsibility, longevity, reimbursement, 
knowledge, experience, costing [7, 8]. However, discussions 
with industrial partners in projects, seminars and conferences 
indicated another need of several companies. Many managers 
are interested in initializing PSS projects or pilots, but do not 
have the knowledge to start an analysis of the as-is and to-be 
situation as well as the first roadmap. Existing research ap-
proaches (cf. chapter 3) seem to be too generic or not applicable 
without a consultant. For this reason, the authors developed an 
elaborated maturity model in combination with an easy to apply 
questionnaire in order to enable a self-assessment of the com-
pany. Additionally, generic guidelines have been developed, 
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which provide basic instruction regarding the transformation 
from one stage to another. In this paper, the research results in-
cluding the evaluation with an industrial partner will be dis-
cussed. In a first step the authors describe the research approach 
and the research questions (cf. chapter 2). Afterwards the au-
thors give a short overview of the state of the art in the research 
field in chapter 3. In the following chapter 4 the method includ-
ing the maturity model, the questionnaire and the guideline will 
be illustrated before the findings of the evaluation are described 
in chapter 5. Finally, the authors give a short conclusion and an 
overview for future research needs regarding the addressed 
topic in chapter 6. 
2. Research approach and research questions 
The research approach is based on the Design Research 
Methodology (DRM) [9] including an iterative development 
with two prescriptive and two descriptive studies (cf. Figure 1). 
The scope of this contribution comprises the first three steps of 
the research approach, marked green in Figure 1. The last two 
steps, marked blue in Figure 1, are not part of this contribution 
and will be discussed in chapter 6. 
 
 
Fig. 1. Research approach. 
In a first step the research questions (RQ) have to be defined 
in order to clarify the research objectives.  
x [RQ1] Which specific maturity levels and criteria can be de-
scribed regarding PSS? 
x [RQ2] How can these maturity levels be determined? 
x [RQ3] Which instructions can be formulated to support the 
transformation from one level to another? 
Complementary, the state of the art in relevant research 
fields have been analyzed (cf. chapter 3). Based on these results 
a method has been developed (cf. chapter 4) and evaluated (cf. 
chapter 5). Therefore, the research question will be answered in 
the following chapters.  
3. State of the art 
Maturity models have been developed in the 1970s in order 
to describe leadership categories [10]. Since then, these models 
evolved to describe typologies in various disciplines in order 
define certain degrees of maturity. For instance, in development 
processes the degree of maturity comprises the “increasing con-
cretization” from e.g. laboratory specimen to a pilot-run prod-
uct [11]. In PSS research maturity models mostly describe the 
existing manifestation of PSS between completely product cen-
tered and pure service oriented solutions. The following Table 
1 introduces a section of existing models which have been ana-
lyzed and utilized regarding the development of the model (cf. 
chapter 4).  
Table 1. Overview of PSS maturity models. 
Model Dimension Description 
The model of Tukker[1] de-
scribes various customer 
needs, which are based on 
different combinations of 
tangible products and intan-
gible services 
Three main 
maturity lev-
els, which 
consist of 
eight specific 
PSS types 
Intangibility of the per-
formance result, prod-
uct-oriented, use-ori-
ented, result-oriented 
The model of Berkovich 
[12] comprises PSS embed-
ded in the interaction with 
customers during the plan-
ning progress as well as the 
intangibility of the perfor-
mance results 
Four differ-
ent maturity 
levels, which 
restrict the 
PSS in his 
definition.  
Interaction with the cus-
tomers during the plan-
ning progress, intangibil-
ity of the performance 
result 
The model of Burianek et al. 
[13] describes seven charac-
teristics, which define the 
complexity of the PSS and 
the coherent performance re-
sult 
Every combi-
nation of the 
seven charac-
teristics cre-
ates a new 
maturity 
level 
Customer benefit, range 
of services, heterogene-
ity, Technical integra-
tion, individualization, 
temporal dynamics, inte-
gration in the value crea-
tion of the customer 
Model of Beyer [14] and 
Becker [15] shows the grad-
ual integration of intangible 
services from added services 
to a combined system of tan-
gible products and intangi-
ble services 
Three main 
maturity lev-
els, which 
consist of 
five specific 
PSS types 
Product-oriented, use-
oriented, result-oriented, 
interaction with the cus-
tomer, intangibility of 
the performance result 
Model of Gaiardelli et al. 
[16] combines Tukkers main 
levels with the inherent in-
teraction of customer and 
provider as well as the holis-
tic process 
30 different 
maturity lev-
els 
Product-oriented, use-
oriented, result-oriented, 
focus on the product or 
process, transaction-
based versus relation-
ship-based 
Model of Rapaccini et al. 
[17] defines five maturity 
levels from initial stage to 
an optimized new service 
development (NSD) 
Four dimen-
sions with 9 
elements 
The models is based on a 
NSD process and focus-
ses organizational, re-
sources, stakeholders 
and management aspects 
Model of Karni and Kaner 
[18] defines a PSS maturity 
model based on general ma-
turity levels 
Three dimen-
sions with 38 
factors 
The model focusses cus-
tomer-facing, life cycle 
and offer  
 
Tukker [1] classified three main groups in his model, which 
are further divided into eight sub categories. The model is 
widely known and accepted and demonstrates the importance 
of new revenue models. Nevertheless, the interaction with the 
customer is missing. The model of Berkovich [12] introduces a 
new characterization, which defines PSS in a different way. It 
involves the interaction with the customer during the planning 
progress. Likewise, it emphasizes the intangibility of the per-
formance results. These two dimensions create four different 
maturity levels, which are known as mass-market product, 
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mass-market service, customized product and customized ser-
vice. The PSS is embedded between these four limitations. Ad-
ditionally, a smooth transition between these different groups is 
described. The model of Burianek [13] introduces further char-
acterizations, which can define a PSS. Every factor has two pos-
sibilities to choose from. According to the selection of the seven 
characterizations, different PSS types can be defined. These 
factors are known as customer benefit, range of services, heter-
ogeneity, technical integration, individualization, temporal dy-
namics and integration in the value creation of the customer. 
The model of Becker [15] and Beyer [14] shows the gradual 
integration of an intangible service. The more intangible ser-
vices are included, the more interaction occurs between cus-
tomers and companies. The role of the customer is focused as a 
key factor in this model. The model of Gaiardelli et al. [16] 
evolves the model of Tukker regarding the relationship between 
customer and provider. The characteristics of the 30 maturity 
levels comprise inter alia: level of customization, relationship-
intensity, risk, product owner, product user and product deci-
sion maker. The model of Rapaccini et al. [17] emphasizes 
roles, skills and methods as well as different management per-
spectives. The criteria are elaborated in detail, however a 
guided assessment in crucial for a successful implementation of 
the model. Model of Karni and Kaner [18] describes in detail 
the importance of the customer view and the customer specific 
offer as well as a processual lifecycle perspective. However, a 
practical implementation and other stakeholder are not inte-
grated. In each model diverse important characteristics have 
been provided. The level of intangibility is an important factor. 
Furthermore, the interaction between customer and provider 
can be highlighted is the core aspect in defining a PSS. This 
aspect covers more than the intensity of the interaction, thus in-
cluding the integration of the customer in the companies’ lifecy-
cle. An important commonality is the missing application de-
scription and guidelines. A new model which includes the re-
sults of this analysis is introduced in chapter 4, which is desig-
nated as Product-Service-Change. 
4. Product-Service-Change 
The Product-Service-Change (PSC) comprises a model (cf. 
chapter 4.1) to describe the different levels, the method regard-
ing the procedure for self-assessment as well as the action rec-
ommendation (cf. chapter 4.2). 
4.1. PSC model 
The PSC model consists of five reflected (product and ser-
vice perspective) stages which lead to nine main stages. Stage 
1 describes a pure product provider whereas stage 9 defines a 
pure service provider. The main objective for both sides is stage 
5, which describes a company with the ability to provide a flex-
ible combination of services and products based on the individ-
ual customer needs. Nevertheless, companies can have differ-
ent goals, for instance only focusing on use-oriented PSS. This 
is not a contradiction to this model and will be explained in 
chapter 4.3. The stages can be subdivided into different levels 
in a matrix into 19 numbers (cf. Figure 2).The visualization em-
phasizes the integration as the core aspect of the underlying 
principle. Nevertheless, further characteristics are inherent. 
The criteria for each stage can be divided into three categories. 
Firstly, the product overview defines the customer integration 
in the product design process, the type of production and the 
portfolio share of the product. Secondly, the service overview 
defines the customer integration in the service design process, 
the service type and the portfolio share of the service. Thirdly, 
the system overview defines the strategy, the technical integra-
tion (compatibility), the customer loyalty and ownership. 
 
Fig. 2. PSC model.
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The defining criteria can be specified as follows: 
x Design process: 1. design (planning, development), 2. reali-
zation (production, service (selling, after sales), 3. end of 
life (cf. Figure 5) 
x Type of production / service: mass production / service, se-
ries production / service, individual manufacturing / service 
x Portfolio share: 0 – 100 % 
x Strategy: product- or service oriented, use oriented or result 
oriented 
x Customer loyalty: three-step scale from very good to poor 
x Ownership: customer or provider 
x PSS compatibility: three-step scale from strong to weak 
It has to be stated that the criteria have been designed for a 
first self-assessment. Therefore, fundamental and easy to dif-
ferentiate specifications have been chosen. 
4.2. PSC method 
The Product-Service-Change (PSC) method is based on a 
basic change formula with five qualitative variables: benefit if 
the change occurs, status quo, desired future status, roadmap 
and company culture. The final procedure of the method is il-
lustrated in Figure 3. In a first step the customer integration re-
garding the product (1a) and service (1b) design processes is 
analyzed. As a result the priority towards product or service 
centered thinking can be assessed (2a). Additionally, the com-
parability, customer loyalty and strategy are based on product 
/service integration (1a, 1b) and on product / service priority 
(2a). In the third step the usage of the product (3a) and service 
(3b) solutions is analyzed. The complete product and service 
analysis results in the as-is maturity level of the company. It has 
to be stated, that more than one maturity level can result from 
the analysis. In step five the company can choose the to-be ma-
turity level according to the PSC model (cf. Figure 2). In com-
bination with the PSS analysis the action recommendations can 
be derived. 
 
 
Fig. 3. PSC method. 
For each analyzing step a set of questions has been defined 
in order to extract the needed information. The criteria and one 
example of the questions from the questionnaire are shown in 
Table 2: 
Table 2. Assessment criteria and excerpt of the questionnaire. 
Step Criteria  Exemplary question 
Product 
integra-
tion analy-
sis 
Product integration phases: 
design, realization, selling, 
after sales, no integration 
Is customer integration 
planned and realized for the 
product design phase? 
Service 
integra-
tion analy-
sis 
Service integration phases: 
design, realization, selling, 
after sales, no integration 
Does the first customer con-
tact occur on the sale of the 
service? 
Product 
usage 
analysis 
Type of production: mass-, 
series, individual production 
With which manufacturing 
processes are the products 
produced? 
Service 
usage 
analysis 
Type of service: mass-, se-
ries, individual service 
Are the services identical 
for each client? 
 
Regarding the assessment one simplifying assumption has to 
be considered. If a company provides several products and ser-
vices, the most advanced level (e.g. highest customer integra-
tion) will be chosen. 
4.3. PSC action recommendation 
As a first research result four generic action recommenda-
tions have been defined in order to enable a holistic evaluation 
of the research approach. Therefore, the transitions between the 
main stages have been defined (cf. Figure 4). Eventually, the 
company should be able to choose a specific level of the model 
as the desired to-be situation in order to receive a specific ac-
tion recommendation. 
 
 
Fig. 4. Four steps of action recommendation. 
The action recommendations are based on the core factors: 
company culture, product / service integration and simultane-
ous engineering. The generic recommendations are presented 
in the following section. In step one the systematic change in 
the companies’ culture is considerable important due to the es-
tablishment of a new revenue stream. Employees have to be 
integrated in the change process and PSS have to be introduced. 
Therefore, a systematic change process across horizontal and 
vertical changes has to be conducted according to established 
Change Management (e.g. Kotter [19] and Streich [20]) ap-
proaches. Additionally, a new division which has to develop 
services has to be vertically integrated in the company. There-
fore, existing knowledge and abilities have to be exploited. 
Simultaneous engineering is not advisable in the first step due 
to a pure product support of the services. In step two the in-
tended integration of product and service development need to 
be emphasized. This transformation is the most important fac-
tor to become an OSP and induces further changes in the em-
ployees (division thinking) mindset. Therefore, the horizontal 
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integration in order to strengthen the service aspect has to be 
focused. Additionally, the sales structure needs to be adapted 
regarding the marketing of the new integrated solutions. The 
development streams should be aligned, but simultaneous en-
gineering is not mandatory. In step three the companies’ culture 
should support an equivalent significance of products and ser-
vices. This objective needs to be constantly supported. In order 
to enable an integrated PSS the customer has to be actively in-
tegrated in the design process. Additionally, a simultaneous de-
velopment of product and service department has to be enabled. 
Therefore, processes need to be aligned and equivalently 
adapted. In step four, the cultural change should be completed 
and consistently introduced to new employees. The integration 
of product and service development has to be supported with 
specific PSS design methods and tools. Therefore, the interde-
pendent development of service and product components will 
be fulfilled. Regarding the simultaneous engineering approach 
two possibilities can be pursued. Either a strong capability to 
manage the diverse development streams can enable a suffi-
cient integrated development or a merging of all design pro-
cesses and divisions would facilitate a high alignment. 
5. Findings 
The method has been applied and evaluated in a case study 
with a machinery and plant manufacturer. The company has 
approx. 6.900 employees and is a supplier for pharmacy, auto-
motive, airlines and diverse other branches. The results of the 
case study (cf. chapter 5.1) and the evaluation (cf. chapter 5.2) 
are presented in this chapter. 
5.1. Results of a case study 
A pre-study [21] has been conducted in order to assess the 
model and the method. The main objective has been to verify 
the consistency and applicability of the research results. The 
procedure can be described as follows: a) completion of the 
questionnaire by the company, b) analysis of the results by the 
research team, c) conjoint discussion of the as-is and to-be sit-
uation and compiling of the specific action recommendation. 
The analysis of the questionnaire indicated a difference of 
the customer integration regarding the product design and the 
service design process of the company, see Figure 5: 
 
 
Fig. 5. Four steps of action recommendation. 
The visualization expresses clearly, that the customer inte-
gration regarding the product design process is conducted much 
earlier (design phase), thus can be considered as very good. In 
comparison, the customer integration for services occurs not 
until the after sales phase. In conclusion, the priority is clearly 
inclined towards the product design. Furthermore, the compa-
rability can be determined as weak due to the considerable dif-
ference of the customer integration regarding products and ser-
vices. The next analyses determine the type of production (se-
ries production, individual manufacturing) and services (mass 
service, series services). Based on these results the as-is ma-
turity level could be assessed as product oriented after sales 
(level 3, no. 5). Therefore, the maturity level is allocated to 
stage 2 of the model (cf. Figure 2). In a next step the results of 
the analysis including maturity level and detailed description of 
all criteria have been provided to the company. For instance, 
the compatibility has been assessed as weak, whereas the cus-
tomer integration regarding the product design is very good. In 
a next step the action recommendation has been conducted. 
Therefore, the transformation towards an integrated PSS pro-
vider has been specified as the to-be situation (cf. Figure 4). The 
action recommendation comprises three core factors (cf. chap-
ter 4.3), however, in the next section only one factor is de-
scribed exemplarily. On the one hand service thinking and ser-
vice design should be strengthened within the company and, on 
the other hand, take up a more important part in the company’s 
portfolio. Therefore, the existing service department should be 
enlarged and qualified regarding the development of service 
and eventually PSS (horizontal integration). For instance, the 
sales department requires new knowledge, skills and a changing 
mindset regarding the convincing selling of new integrated so-
lutions. Eventually, the services do not only support the prod-
ucts and increase the revenue, but can be sold independently 
and finally only conjointly as a solution. In order to enable the 
integrated development service and product design departments 
need to align their processes and build up synergies. Further-
more, barriers between both disciplines have to be overcome, 
thus, communication is a crucial key factor for a successful co-
operation. Moreover, the vice of the customer has to be 
strengthened in order to develop customer centered solutions 
which fulfill specific customer needs. In order to enable a 
greater flexibility regarding design and functionality of the so-
lution the customer integration for the product and service de-
sign process has to be intensified in early design phases. These 
changes for the realization of more customized solutions de-
mand new structures and communication channels within the 
company and to their customers. As a side effect the compara-
bility will improved. Further action recommendation regarding 
the companies’ culture and simultaneous engineering has been 
provided to the company.  
5.2. Evaluation 
The evaluation has been conducted with a senior top man-
ager of the company. The evaluation results can be summarized 
as follows. The developed questionnaire which derives all nec-
essary information regarding the analysis is very well struc-
tured. The question can be easily and spontaneously answered. 
The question are understandable, but could be formulated more 
clearly. Additionally, the action recommendation should be de-
scribed in more detail. The final results of the evaluation are: 
x Revision of the questions in order clarify the meaning 
x Elaboration of the criteria and the description of the action 
recommendation 
180   Konrad Exner et al. /  Procedia CIRP  64 ( 2017 )  175 – 180 
x Transmission of the recommendation action to all 19 num-
bers of the PSC model (cf. Figure 2) 
x A cost benefit assessment is missing if the strategic devel-
opment towards a new stage according to the PSC model is 
advisable 
The identified aspects will iteratively revise the method. 
Therefore, a further evaluation will be conducted before ad-
dressing the prescriptive study II of the research approach (cf. 
Figure 1). 
6. Summary and outlook 
This contribution gives an overview of existing maturity 
models. Based on the analysis of a section of these models a 
new model and method with a set of criteria has been proposed. 
In the first iteration the method including a questionnaire has 
been successfully tested and evaluated. However, from a re-
search perspective the criteria seem to be not elaborate enough. 
For instance, different levels of maturity can be assigned to a 
given company, which is contradicting the definition of a ma-
turity model by itself. Therefore, the model in this form can be 
seen as a typology model. However, the final objective is the 
development of a maturity model. Therefore, the criteria will be 
emphasized in further studies. The results are promising and es-
sential changes could be identified. In a next step the prescrip-
tive study I and descriptive study I (cf. Figure 1) will be reiter-
ated before proceeding with the next research steps. Therefore, 
research questions 1-3 could be satisfactorily answered. Never-
theless, a few open issued need be addressed in the next cycle 
such as elaborating the action recommendation. Furthermore, 
the evaluation partner asked for a cost-benefit analysis support-
ing the action recommendation. The authors clearly state that 
this as out of scope for the self-assessment tool, due to high 
complexity of the criteria involved. Nevertheless, the addressed 
issue is valid and will be integrated in the overall action recom-
mendation. Eventually, the questionnaire will be further devel-
oped to an online self-assessment tool, which allows a broad 
evaluation of this research. Furthermore, companies will be 
provided with an unique easy to use tool, which supports the 
first independent steps (self-assessment and action recommen-
dation) in order to become an OSP. The main objective will be 
to increase the awareness regarding PSS for all kinds of com-
panies. However, the development of a specific and detailed 
roadmap is indispensable and should be developed with PSS 
experts due to the various explicit challenges occurring on the 
road to become an OSP. 
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